The energy dependence of total cross sections and total elastic cross sections have been examined for protons, anti-protons, kaons , pions and photons. This dependence is very well expressed in terms of the center of mass velocity B = 2 p/G.
Introduction
A good deal of speculation on what happens to the collision cross sections of protons, kaons, and pions at ultra high energies has been issued out over the past decade. 1 Now that we are on the verge of achieving some measurements at laboratory energies in excess of 200 GeV/c the subject has become even more intriguing.
In this paper we observe that the asymptotic behavior of many cross sections can be expressed quite precisely as a simple function of p = 2P/,/s where W is the initial center-of-mass momentum and s is the square of the invarient mass. The momentum range over which this variable applies seems to be for laboratory momenta greater than 2.5 GeV/c.
The processes examined are the total scattering and the total elastic scattering cross sections for protons, anti-protons, kaons, pions, and photons on protons.
In addition to these, the real-to-imaginary amplitudes in elastic scattering, for protons and pions, the n-p -+fl'n charge Moreover, any' complex model conjured up to describe high energy behavior must somehow reduce numerically to the functions described here.
The Method
The scattering data was analyzed in two ways. First we use a straightforward procedure of fitting a given cross section to:
The "A" and "n" were fitted together and then an appropriate integer or half integer value for 'nrr was chosen and "A" refitted. The results of these fits are presented in Table 1 and shown graphically along with the data as dashed lines.
Also tabulated are the number of data points used in the fits and the dates up to which time the data was collected. The "RelX' is defined as:
The error for each data point was used and when available the normalization error was added to the statistical error in the standard procedure, but no error on the momentum was used. Qualitatively, the systematic variations between experiments appears to be the principal source of uncertainty in the fits.
This fitting results in considerable violation of the Pomeranchuk theorem.
The asymptotic limit of the cross sections for particle and anti-particle interactions are many standard deviations apart.
To investigate this discrepancy the following functions were used:
These functions were fitted simultaneously for A, C, c with n fixed and adjustable.
The results are presented in Table 2 and shown graphi- Muirhead and Poppleton (5) have studied the behavior of the annihilation process pp -+nfl, but at high energies their analysis leads to awkward results. For the various multi-pion channels they extracted'the matrix element by dividing the cross section by the n-pion phase space.
They observed that the matrix element had the following s dependence:
where An is a constant for any value of n. If we ignore the pion mass, at high energies, the annihilation cross section becomes:
Here Ae and A0 refer to n even or odd, respectively. This expression for aA increases rapidly with energy beyond a laboratory energy of 50 GeV/c. The anti-proton function clearly needs some additional factors in the energy dependence in order to fit the data, and more data on the annihilation cross section would provide some clue as to the nature of the energy dependence.
Other features of this fit suggest that because the exchange is negative, the total proton cross section must rise and approach the asymptotic value from below. Recent measurements of elastic scattering data from the ISR gives total cross sections varying from 37.0 to 40.3 mb (6) with errors of 1.5 to 2.0 mb. The inclusion of these measurements in the fits produced results identical to those in Table 2 where they are not represented., Thus, they are consistent with the suggested violation of duality although the Serpukhov data (4) does not -5-indicate an increase which ought to commence around a laboratory momentum of 20 GeV/c for 1.6% odd parity.
Also, as these fits now stand, the sum of CT T (pp) + a,(@~) cannot rise because the sum of C + ? is positive.
Finally, Fig. 2 shows earlier measurements of a,(pp) in the low energy region.
It is difficult to believe that the precision of the function is merely a coincidence. Figure 3a shows how the elastic cross section behaves and again we see that the anti-proton data requires considerable odd parity exchange whereas the proton data is consistent with no such exchange. There is little to say here that has not already been covered in the previous discussions. The 28 of odd parity exchange in the total cross section accounts very well for the k* total cross section. The data strongly suggest that duality is not satisfied for these reactions. The "ideal" and "best" fits in both processes are indistinguishable.
And it may be that the sum o,(k'p) + ot(k-p) decreases to its asymptotic value.
This cross section along with a simple fit to S -1.0 is shown in Fig. 11 . We observe only that the energy dependence is identical to that of the other cross sections in the asymptotic limit.
Summary
This parameterization seems to be a very concise method of describing the energy dependence for many cross sections with the possible exception of anti-proton data.
Although it may be merely a coincidence, the precision of the fits to the data seems quite remarkable.
On the other hand we have no theory for this formulation. We can also observe that the exponent of S seems to be limited to-l.Ofor the total cross sections and-3.0for the elastic cross sections.
If we interpret the "C!" parameter as representing other trajectories or exchange contributions to the total cross sections then the pion and kaon total cross sections are well represented by such mechanisms, although the k+ cross section violates duality. The anti-proton system is more complex.
The extrapolated values for proton and anti-proton cross sections as shown in Table 1 
